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THE HUMPS AND THE BUMPS: OBJECTIVE MEASUREMENT USING AN 
INSTRUMENTED BICYCLE 
 
Dr John Parkin 
Reader in Transport Engineering and Planning 
University of Bolton 
 
Abstract 
Cycling may be rejected by potential participants for a number of reasons, some of which are 
physical and relate to the impact of the surrounding environment from which the cycle user is 
relatively little protected. These impacts include surface profile and roughness, gradients, 
number of starts and stops, and wind speed, which all affect the power output required of the 
cycle user. They also include the location relative to other traffic of the cycle user and this 
may be influenced by simple distance and also the noise level experienced. 
 
The paper describes the set up of an instrumented bicycle which is being assembled at the 
University of Bolton. The bicycle includes accelerometers, a potentiometer, an anemometer, 
distance meter, sound level meter, GPS and power output measurement devices as well as 
a camera. 
 
The paper discusses issues in relation to methods for measuring surface profile and will 
compare current UK methods and standards for highway pavement maintenance, which are 
principally directed at the needs of motor traffic, with the needs of cycle users. The 
presentation will provide an opportunity for delegates to discuss the issues of objective 
measurement of factors which influence the pleasure of cycling. 
 
1 Introduction 
A bicycle is powered by muscle, is inherently unstable, has no protection in the form of 
bodywork, has virtually no suspension and is open to the air. These very physical 
characteristics are important in determining the opinion of potential users to the 
appropriateness of cycling. There are many external factors which influence the 
characteristics of cycling and include: 
 
Impacts on effort: surface profile and roughness, gradients, number of starts and stops, and 
wind speed. 
Impacts on comfort: proximity to motor traffic, noise, air pollution, rainfall, temperature, wind 
speed, presence or absence of threats from other human beings. 
 
It is important to understand these factors and their range, and to build measures of them, 
and indeed measures of users’ perceptions of them, into models of mode and route choice, 
and to inform infrastructure design. 
 
One of the very important issues is the energy supplied by a cycle user to provide the 
locomotive force. The rate of energy output, power, has been investigated by Whitt and 
Wilson (1982) and Wilson (2004) who summarised the power requirements of cycling in the 
following equation. 
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Where: 
W = power (w) 
Cv = speed of the bicycle (m/s) 
ηmech = mechanical efficiency of the bicycle 
∑m = mass of rider and machine (kg) 
g = acceleration due to gravity (m/s2) 
Cr = coefficient of rolling resistance 
s = gradient (%) 
a = acceleration of the bicycle (m/s2) 
 .   
mw = effective rotational mass of the wheels and the tyres (kg) 
CD = aerodynamic drag coefficient 
A = frontal area of rider and machine (m2) 
ρ = density of air (kg/m3) 
Cw = headwind (m/s) 
 
Parkin and Rotheram (submitted) have shown that the typical power output of an urban 
commuter cyclist is 150 watts on the flat and rises to around 250 watts on an uphill gradient 
of 4%. Up to 70% of effort can be used in overcoming air resistance and between 10% and 
25% of effort in overcoming rolling resistance. Depending on the gradient, the energy used 
to climb a hill can be the highest proportion of energy required to move forward. Any 
instrumented bicycle therefore needs to carefully consider the effort required to cycle. 
 
This paper summarises the components on an instrumented bicycle established at the 
University of Bolton principally to investigate the relationship between effort and highway 
pavement quality. The bicycle is also capable of measuring the distance of passing traffic 
and the noise of traffic. 
 
The paper introduces previous work in the field of instrumented bicycles in Section 2. 
Section 3 presents a summary of the components of the instrumented bicycle. Section 4 
discusses the research questions that the bicycle will be able to assist in answering.  
 
2 Previous Work 
 
2.1 Objective measures of motor traffic overtaking distances 
 
As far back as 1975, the Federal Highway Administration (FHWA, 1975) identified the need 
for a tolerance limit for the force exerted by motor traffic passing cycle traffic. This was 
defined as the equivalent of a heavy goods vehicle travelling at 50 mph a distance of 1.2 
metres from a cyclist. 
 
Apart from an early piece of work by the Transport Research Laboratory (Watts, 1979) to 
test the effect of safety devices on vehicle passing distance, the subject has received little 
attention until recently. Walker (2007) undertook surveys in Bristol and Salisbury and made 
some interesting observations, including that drivers generally pass closer to a cyclist 
wearing a helmet and that drivers of buses and heavy goods vehicles pass closer than other 
types of vehicle. 
 
Extending the work on objective measurement of distance, Parkin and Meyers (on line, in 
press) controlled for width of the carriageway and investigated the effect of the presence of 
cycle lanes on passing distance1. The observations show that significantly wider passing 
distances are adopted by motorists on a 9.5 metre wide carriageway without a 1.45 metre 
cycle lane with posted speed limits of 40mph and 50mph. The results suggest that, where 
there is a cycle lane, motorists drive within the confines of their own marked lane with less 
recognition of the need to provide a safe and comfortable passing distance to those using 
the cycle lane. The limited data available on different vehicle types suggest that motor 
vehicle overtaking proximity also varies depending on vehicle type, and this confirms 
Walker’s finding. 
 
The authors note that further research could usefully collect larger samples for different 
vehicle types and consider the effect of different types of cycle lane provision, including 
mandatory cycle lanes delineated by solid white lines and cycle lanes with coloured 
surfaces. They also suggest that the effect of the presence or absence of a central white line 
dividing the two halves of the carriageway would be interesting to compare. In addition, work 
could usefully be undertaken to compare actual passing distances with the perception of 
comfort of cycle users. 
                                                     
1
 This work was initially reported at the Cycling and Society Research Group Symposium at 
the University of the West of England in September 2008. 
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2.2 Objective measures of noise 
 
Undue or excess noise can cause stress and, at its least, may simply be unpleasant. 
Objective measurement of noise has been undertaken in relation to health issues in studies 
which have also considered air pollution. One minute averages of noise levels in decibels on 
the ‘A’ weighted scale have been used by Boogaard et al. (2009) to detect whether or not 
there is a correlation between traffic noise levels and Particle Number Concentration (PNC), 
a measure of particulate air pollution. They found a moderate correlation and this builds on 
other medical related work in relation to noise which has been attempted to differentiate 
between these circumstances and the health effects, including the onset of hypertension, 
myocardial infarction, and cardiovascular mortality (de Kluizenaar et al., 2007; Peters et al., 
2004 and Beelen, et al., 2007). To the author’s knowledge, no studies have been undertaken 
relating the objective measurement of traffic noise to traffic volumes, distance of the traffic, 
and cycle users perception of comfort. 
 
2.3 Objective measures of general highway pavement condition 
Methodology in the UK for assessing highway pavements has been the subject of significant 
development in the last decade or so. It had been the case that highway inspectors 
undertook so called ‘Coarse Visual Inspection’ (CVI) and ‘Detailed Visual Inspection’ (DVI), 
but these have been mainly superseded by the use of an automated, road speed process of 
data collection known as SCANNER (Surface Condition Assessment for the National 
NEtwork of Roads) (UKPMS, 2005). 
 
SCANNER derives data from a moving vehicle, known as a HARRIS Vehicle (Highway 
Agency Road Research Information System) fitted with lasers and video cameras which 
measure: rutting; macro texture; longitudinal profile variance (bumpiness); cracking intensity, 
road geometry; spatial coordinates; edge defects and transverse profile variance. The array 
of survey equipment on a HARRIS vehicle is shown schematically in Figure 1. 
 
Figure 1 Schematic diagrams of HARRIS vehicle equipment array 
 
 
 
The Road Condition Index (RCI) is the measure of highway condition used to prioritize 
maintenance and to assist the government in allocating funds to local highway authorities for 
highway maintenance. It is calculated for 10 metre sections of carriageway lane from 
SCANNER raw data. The defects which contribute towards the RCI are: rutting, longitudinal 
profile variance, texture and cracking intensity. Table 1 summarizes RCI thresholds for Best 
Value Performance Indicators (BVPI) 223 and 224a (respectively, the condition of principal 
roads and the condition of non-principal classified roads). 
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Table 1 RCI thresholds for BVPI 223 and BVPI 224a 
Defect Investigation 
threshold 
Maintenance 
threshold 
Rutting 10mm 
12mm for B roads 
20mm 
25mm for B roads 
3m Longitudinal profile variance 4mm2 10mm2 
10m Longitudinal profile variance 21mm2 56mm2 
Whole carriageway cracking intensity 0.15% 2% 
Wheel track cracking intensity 0.50% 5% 
Texture 0.6mm 0.3mm 
 
The HARRIS vehicle records the depths of rutting in both the left and right wheel tracks 
(LLRT and LRRT) and the greater value of the left or right rut depth measurement is used. 
Longitudinal Profile Variance (LV3 and LV10) is a measure of the ride quality or ‘bumpiness’ 
of the road and represent defects which may impair passenger comfort and affect vehicle 
road holding characteristics and hence safety. Texture (LLTX) is a measure of the texture 
depth in the nearside wheel track. Texture depth gives an indication of the ability of the road 
surface to deal with surface water. Good texture depth will help avoid aquaplaning and may 
represent good skid resistance. It should be noted however that SCANNER LLTX is not a 
direct measure of skid resistance and a more appropriate survey apparatus should be used, 
such as SCRIM (Sideway force Coefficient Routine Investigation Machine, another road 
speed machine with measures the force on an additional wheel set at an angle to the 
direction of travel). 
 
Cracking intensity is measured for both wheel tracks (LWCL & LWCR) and also for the whole 
lane width (LTRC). For the purposes of the RCI calculation, the greater of the two values of 
cracking intensity in the left and right wheel tracks is used. 
 
Each defect ‘family’ has an upper and lower threshold known as the maintenance threshold 
and the investigatory threshold respectively. Between these two points the rating value 
varies linearly between 0 and 100. Rated defects are assigned an importance factor 
representing the significance of the defect, and reliability factor representing the confidence 
in the ability of SCANNER consistently to record the defect to a reasonable degree of 
accuracy. These two factors are combined to give a single weighting factor which is applied 
to the rated value and the rated values are then summed to give and Road Condition Index 
value. Individual and combined weighting factors are shown in Table 2. 
 
Table 2 Road Condition Index from SCANNER Data 
Defect Importance factor 
Reliability 
factor 
Combined 
factor 
Max. 
score 
Rutting 0.9 1.00 0.9 90 
3m Longitudinal profile variance 0.8 1.00 0.8 80 
10m Longitudinal profile variance 0.6 1.00 0.6 60 
Whole carriageway cracking intensity 0.9 0.55 0.5 50 
Wheel track cracking intensity 0.9 0.44 0.4 40 
Texture 0.5 1.00 0.5 50 
Maximum total RCI score 370 
 
The resulting RCI scores are labelled as green (0 to 20) indicating generally good condition, 
amber (20 to 100) indicating that further investigation is required or red (100 or more) 
indicating that maintenance is required. The BVPI score is determined as the percentage of 
the 10m sections of highway which lie in the red band. 
 
2.4 Subjective measures of highway pavement condition 
Benbow et al. (2006) undertook a study to make best use of SCANNER data particularly to 
assess road shape (longitudinal and transverse profile). During a colloquium with local 
authority engineers as part of the project they say ‘it became apparent that local authorities 
are also very interested in ride quality for cyclists’. This very encouraging statement led them 
to assess ride quality from the point of view of a cyclist. They equipped a bicycle with a push 
button to be pressed when a bump was encountered, and a six pinpoint scale dial (0 to 5) to 
record general ride quality. It was suggested that the equipment was too complex for use by 
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the general public and only one member of the project team, an experienced cyclist, used 
the equipment. 
 
The 3m and 10m longitudinal profile variance has been introduced in the previous section. 
The variance at a point is determined as the square of the difference between the amplitude 
at a point and the moving average amplitude taken from amplitudes typically 100mm apart 
over the length (3m or 10m), that is: 
2)(var jj AA −=  
Where jA  is the amplitude at point j and jA  is the moving average at point j. Longitudinal 
profile variance measurements are typically then averaged over lengths of 10m sections of 
road to generate the average longitudinal profile variance. 3m variance reflects the presence 
of small undulations more significant at lower speed, 10m variance reflects the presence of 
longer wavelength undulations, more significant at higher speed. 
 
Road geometry, such as changing crossfall on the approach to horizontal curves, the curves 
themselves and gradient, can affect the amplitude of the moving average. To account for 
these effects, a modified variance measurement called ‘enhanced variance’ has been 
introduced which filters out the effect of such geometry effects. 
 
Internationally, the International Roughness Index (IRI) is frequently used as a measure of 
surface roughness. IRI represents the sum of suspension motion of a vehicle over a travelled 
length, with units of mm/km. It is calculated by simulating the movement of a pre-specified 
reference vehicle, a ‘quarter car’, with a measured longitudinal profile. Higher values of IRI 
relate to rougher roads. 
 
Benbow et al. (2006) found the 3m enhanced variance and the IRI agreed only poorly with 
the opinion of the bicycle rider on general ride quality and they suggest this may be because 
3m is not the appropriate wavelength to target for cycle users. Further work needs to be 
undertaken to understand the appropriate unit of measurement of surface profile so far as 
cycle users are concerned. 
 
The Municipality of Odense and Dynatest® recognise the difficulty of using the IRI, based as 
it is on a motor vehicle, as a measure for the profile of bicycle paths. They have developed 
an alternative algorithm to transform laser and accelerometer data taken from a Smart Car 
riding along bicycle paths to a suitable ‘Bicycle Profile Index’ (BPI). While the details of the 
algorithm are a commercial secret, it is known that a BPI has been estimated for ‘wave 
lengths in the range 0.025 metres to 5 metres (Henriksen, undated). The inclusion of the low 
wave length is good at identifying the effect of concrete block paving, which is missed by the 
algorithm to create IRI. The algorithm and resulting BPI has not, however, been related to 
perceptions of users. 
 
The Dutch Cycle Union, Fietsersbond, undertook a project called the Cycle Balance project 
with the objective of assessing local cycle conditions. In order to do this they equipped a 
bicycle to measure, amongst other things, vibrations. This bicycle was used to derive data in 
a study of variation in cycle levels across Dutch municipalities by Rietveld and Daniel (2004). 
Measures included the number of stops or turns off imposed on cyclists per unit distance, 
proportion of time spent walking and cycling slowly, obligation to give priority at crossroads, 
the number of times that it is not possible to cycle side by side, frequency of hindrances on a 
trip (e.g. posts in the ground) and vibrations. The precise index derived for profile from the 
vibration measurements is not currently known to the author. 
 
2.5 Other measurement studies including perceptions of users 
Landis et al. (1997) set out to develop a bicycle “level of service” model based around 
factors known to affect cycling including: motor vehicle flow and composition; motor vehicle 
speed; junctions (type and frequency); width of the lane; presence of parked vehicles; 
convenience (based on gradient, directness, continuity and signing); riding surface quality 
and attractiveness and personal security. 
 
 .   
150 cyclists rode a 17 mile test course in Tampa, Florida with thirty segments of road 
displaying different characteristics (traffic volume, speed, composition, road type, lane width, 
pavement surface condition, land development forms). Respondents rated attributes on a six 
point scale and a bicycle “level of service” model was developed based on responses2. 
Table 3 shows typical values for the relevant attributes and the percentage contribution to 
the overall level of service of the road. 
Table 3 Level of service model typical values 
Attribute Value Contribution 
to level of 
service, B 
Volume of traffic (vehicles per day per lane) 6,000 2.844 
Posted speed limit (mph) (S) multiplied by one plus the 
percentage of heavy vehicles (H) [S(1+H)] 
40 x (1+1%) 3.055 
Product of a measure for trip generation intensity of adjoining 
land use and the number of uncontrolled entrances (side 
roads & driveways) 
40 x 42 / mile 0.141 
Five Point Highway Pavement rating 4 (good) 0.400 
Average effective lane width (feet) 12  -0.700 
constant  -1.579 
 B = 4.141 
Volume and speed of general traffic clearly have the greatest impact on level of service. 
However, even large variations in these values have less impact than changes in pavement 
quality. A halving of traffic volume reduces B to 3.733 (10% decrease) and a halving of the 
posted speed limit reduces B to 3.569 (14% decrease). Lane width within the range ± 2 feet 
(a typical variation) changes the perception by ± 5-6%. A reduction in pavement quality to 2 
raises the value of B, level of service to 5.342 (29% increase). Clearly, so far as the Landis 
et al. model is concerned, highway pavement quality is very important in bicycle level of 
service. 
 
Harkey et al. (1998) undertook a study on behalf of the American Federal Highway 
Administration to develop a so-called ‘Bicycle Compatibility Index’. Compatibility was 
considered to be equivalent to stress experienced by a cyclist, stress being defined as 
mental effort required to handle conflict with motor traffic. Work of Sorton and Walsh (1994) 
had shown that cyclists could recognise such mental effort as being related to levels of traffic 
volume, motor vehicle speed and lane width. For the main survey 202 respondents from 
Olympia, Washington, Austin, Texas and Chapel Hill (North Carolina) were shown 67 clips 
each lasting 40 seconds of conditions that ranged as follows: 
• Lane widths adjacent to the kerb: 3.0m to 4.7m 
• Motor vehicle speeds from 40km/h to 89 km/h 
• Traffic volumes from 2,000 vehs. / day to 60,000 vehs. / day 
• Bicycle lane or “paved shoulder width (equivalent to a space reserved for cyclists) 
from 0.92 m to 2.44m 
 
Other variables included the number of intersecting driveways, type of frontage 
development, type of street, number of traffic lanes and the presence or absence of gullies, 
footways and central reserves. The respondents were asked to rate on a six point “comfort” 
rating scale based on volume of traffic, speed of traffic, space available to ride a bicycle and 
an overall rating. Linear regression analysis was performed that determined the main effects, 
interactions and finally, to eliminate insignificant variables. 
 
It is odd that in the final model, the presence of a cycle lane as narrow as 0.9 metres 
estimates a lower score (i.e. improved rating) than the absence of such a lane. A lane of 
width as narrow as 0.9 metres is barely wide enough to contain a static, let alone a moving, 
cyclist. Further it is odd that there are no interactions deduced between the width of the lane 
                                                     
2
 It should be noted that “level of service” in six bands A to F forms a standard American 
classification for roads. This level of service is described as being related to speed, travel 
time, freedom to manoeuvre, traffic interruptions and comfort and convenience. So far as 
motor traffic is concerned, measures of effectiveness include motor vehicle density 
(passenger cars per mile per hour), delay (seconds per vehicle) and average speed. These 
are deemed inappropriate for cycle traffic and so a novel measure is required. 
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and the speed. Despite these peculiarities, Harkey et al. were content to note that the range 
over which the model predicted was a healthy 1.24 to 5.49. While the research provides a 
useful contribution concerning the value of using video images for perception surveys of this 
type, the analysis has not teased out the potential interactions between speed and volume 
and lane width. 
 
Guthrie et al. (2001) attempted to create an index of ‘cyclability’ based on cyclists’ 
assessments of road and traffic conditions. The research used an ordinary 5-speed bicycle 
to which was added a sideways pointing video camera and a computer that recorded the 
lateral distances at which vehicles passed, the volume of overtaking traffic, an effort rating 
from sensors on the chain ring and the length of each link traversed by the cyclist. 51 cyclists 
rode a 9.2 kilometre route comprising 11 links, most of which were in the range 700 metres 
to 1100 metres. Nine links were surfaced roads, one was un-surfaced and one was a shared 
use footway. All were in rural Berkshire or Crowthorne in Berkshire and near to the Transport 
Research Laboratory (TRL). The 51 subjects were all TRL employees, 37% were ‘frequent 
utility’ cyclists, 17% ‘frequent leisure’ cyclists, 15% were ‘infrequent’ cyclists and the 
remaining 32% did not, at the time of the survey, cycle. 71% of the sample was male. 15% of 
the sample was neutral in attitude to cycling, with the remainder either ‘liking cycling’ or ‘very 
much liking cycling’. 
 
The links surveyed were generally non-urban in nature and no specific consideration was 
given to junctions separate from links. There was considerable variation in length of the links. 
Respondents were asked to rate each link for the following attributes on a scale of 1 (bad for 
cycling) to 10 (very good for cycling): 
 
• Road width, traffic flow, speed of traffic, heavy goods vehicle and buses, gradient, 
bumpiness (texture and potholes), lateral conflict (minor junctions, accesses and 
parking) and aesthetics 
• Overall feeling of safety, overall feeling of effort, overall feeling of pleasure, 
cyclability rating (combining all measures together) 
 
A stepwise regression of variables which might influence cyclability were regressed onto 
respondents’ overall rating of cyclability on the 10 point scale and the final model estimated 
is shown in Table 4. 
 
Table 4 ‘Cyclability’ stepwise regression parameters 
Parameter Coefficient Standard error Significance 
Gradient -0.63 0.12 P<0.01 
Lane widths 1.03 0.44 P=0.02 
Side turning / km -0.28 0.03 P<0.01 
Speed limit -0.09 0.01 P<0.01 
Constant 82.9 0.94 P<0.01 
 
The report does not make plain any operators (logarithms for example) that might have been 
applied to the variables, and so it is not possible to comment very closely on the results. As 
an alternative to the objective measures being the independent variables that explain 
cyclability, a further stepwise model was estimated that related the respondents’ subjective 
ratings to their overall stated cyclability rating. The ‘subjective’ stepwise regression results 
are re-produced in Table 5. 
Table 5 Subjective ‘Cyclability’ stepwise regression parameters 
Parameter Coefficient Standard error Significance 
Overall pleasure 0.59 0.05 P<0.01 
Overall safety 0.38 0.05 P<0.01 
Bumpiness rating 0.16 0.03 P<0.01 
constant -0.78 0.32 P<0.01 
It is disappointing to find so little in the subjective ratings that go to explain the overall 
cyclability rating. 
 
Tables of bivariate correlations between the subjective and objective variables are presented 
by the researchers for all links and also separately for high speed and high flow and low 
speed and low flow links. The ‘all links’ correlations are shown in Table 6. 
 .   
 
Table 7 Bivariate correlations between subjective and objective attribute 
 Power Average 
passing 
width 
Min. 
passing 
width 
Lane 
width 
Average 
vehicle 
speed 
Speed 
limit 
Volume of 
overtaking 
vehicles 
Aesthetic rating -0.2913 0.2065 0.2975 -0.4079 -0.079 -0.309 -0.2808 
Bumpiness rating -0.1095 0.0689 0.0000 0.1691 0.4904 0.1592 0.1617 
Gradient rating -0.3679 0.1921 0.3192 -0.3336 -0.2138 -0.3916 -0.2434 
Lateral conflict rating -0.0649 0.1599 0.1086 -0.1795 0.2152 0.0189 0.0514 
Speed rating -0.2864 0.274 0.4765 -0.5238 -0.5069 -0.5499 -0.5138 
Overall safety rating -0.2822 0.3061 0.4276 -0.4641 -0.3840 -0.4953 -0.4599 
Overall effort rating -0.4005 0.2979 0.4037 -0.2926 -0.1396 -0.3801 -0.3298 
Overall pleasure rating -0.3800 0.2629 0.3796 -0.4216 -0.162 -0.4282 -0.4214 
Note: Emboldened figures indicate correlations greater than 0.3, all of which are significant (p<0.001) 
The overall safety rating is correlated with every objective measure apart from power. It is 
unclear why the overall effort rating is correlated with speed, volume and passing width and 
this may reflect general noise in the data. Similarly it is unclear why overall pleasure is not 
correlated with average passing width or average vehicle speed when it is correlated with 
minimum passing width and speed limit. There are generally many fewer larger and 
significant correlations displayed for the disaggregated data (high speed/high volume and 
low speed/low volume) not reproduced here. 
The research may be criticised for being too male biased and having a cohort of respondents 
related to the transport field and displaying generally positive attitudes to cycling. The links 
were generally non-built-up in nature and of widely differing lengths. Most links were fairly 
flat and so it would be difficult to justify extrapolation to steeper gradients more usual in hillier 
areas. Junctions were not considered as a distinct part of the study.  
Notwithstanding these criticisms it is possible to concur with the researchers that ‘cyclability’ 
can be to some extent predicted from traffic and carriageway conditions and that the ‘cocktail 
effect’ of traffic flow and lane width is complex and likely to involve non-linear relationships 
and the data from the study is insufficient to disentangle these effects. The researchers 
recommend further research with a larger sample size and to include a greater variety of 
conditions. They also note that the level of background cycling could be an important 
variable. Sight lines and visibility were also reported by respondents as being important. 
Carré (2001) equipped a bicycle with a video camera for filming both the road scene and the 
movements of the cyclist. He found that cyclists are more interested in efficiency when 
choosing a route than riding through pleasant surroundings. Above all he concludes that a 
cyclist is motivated to keep moving at a constant speed and avoid stops. 
None of these above studies considered the effects of links and junctions (that is to say a 
complete network) together in the same model. The Risk Rating Model developed by Parkin 
et al. (2007) has, however, sought to provide a respondent based rating for a whole journey, 
and hence comes closer to a method that could be extended to include other attributes and 
hence plan whole networks. The risk scale ranged from 1 – 10 with 1 representing a low risk 
and 10 a high risk and responses were regressed to the S-shaped logit functional form 
suitably constrained to the bounds 1 and 10. Link factors which reduced the risk rating 
included: traffic calmed roads, bicycle routes adjacent to the motor traffic carriageway; routes 
through park; bicycle only routes in urban centres; carriageways with cycle or bus lane. Link 
features which increased the risk rating included: heavily trafficked roads and roads with on-
street parking. Junctions generally contributed to higher risk ratings, with special facilities for 
cycle traffic not having a significant effect. The model which explained most variation 
amongst the respondents did not account for the duration of time on links of different type, 
but only includes a dummy variable to represent their presence in a journey. The model has 
been extended to create an area wide measure for the risk of cycling and has been 
successfully used to validate cycle review and audit guidelines (IHT, 1998, Parkin and 
Coward, 2009). 
 
2.6 Summary 
So far as distance to passing traffic is concerned, further work could usefully be undertaken 
to understand better the nature of passing distance of different vehicle types, the effect of 
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different types of cycle lane (mandatory versus advisory, and coloured surfacing within 
lanes), and the presence or absence of a white line dividing the carriageway in two. In 
addition the relationship between actual passing distances and user perceptions of passing 
distances would be useful to investigate, and this could include an understanding of the 
effect of noise on the overall level of comfort.  
 
Further work needs to be undertaken to understand the appropriate unit of measurement of 
surface profile so far as cycle users are concerned. A good understanding of the building 
blocks of user perception of these parameters would allow for an appropriate comprehensive 
model of the perception of a journey to be constructed, which includes the separate effects 
of links and junctions. 
 
3 The Instrumented Bicycle 
An instrumented bicycle is being assembled at the University of Bolton and comprises of the 
items described in Table 8. 
 
Table 8 The bicycle Instrumentation and proposed measurements 
Instrumentation Measurements 
Specialized Crosstrail Sport 48.3 cm frame with: 
• Neonpro RST front suspension with 
mechanical lockout 
• Adjustable handlebar stem 
• Mudguards 
• Rear pannier rack 
• 700/32 rims 
 
Garmin 705 GPS Time stamped co-ordinates, plus 
elevation, plus recording of heart rate, 
cadence and power at hub (see below) 
PowerTap SL2.4 wireless hub Power transmitted to wheel 
Kestrel 4500 Anemometer Head wind speed (and possibly direction) 
Omega LP802-100 Linear potentiometer  Front fork travel (up to 100mm) 
Omega three axis acceleration recorder Acceleration in three axes 
Massa M-300/95 Distance measurement to passing 
vehicles (300mm to 4.5m) 
Viosport POV 1.5 Helmet Camera Vehicle identification, verification of 
surface types, other contextual 
information 
CEL 573 Sound Level Analyser Traffic noise 
Data loggers 
• Omega M-CP-QUADVOLT 
• Samsung Netbook NC10 
 
 
A bicycle with 700C wheels was chosen as the most appropriate bicycle for normal road use. 
The smaller 26 inch wheels of a mountain bike are deemed to be more specialised for off-
road riding, where the ride itself provides the pleasure, and measures of resistance are not 
seen as impediments. A trail bike was selected because it has front fork suspension and 
hence the characteristics of a bike with suspension may be assessed. The suspension may 
be ‘locked out’ to create a rigid framed bicycle. 
 
The Garmin Global Positioning System device allows for speed and acceleration to be 
determined from time stamped location data. It is also able to provide an indication of 
elevation, although the accuracy of such elevation measurements needs to be checked 
against mapping data. The device is also able to accept heart rate and cadence data and, 
importantly, a third channel for wireless data is available for the collection of power data, 
which is taken from a shear tube in the rear hub. 
 
The forces of air resistance and rolling resistance will also be measured through use of an 
anemometer, and experiments to determine the rolling coefficient of the bicycle with the road 
 .   
surface. The bicycle is fitted with 700 by 32 tyres, but is capable of taking up to 35mm wide 
tyres or 28 mm wide tyres. 
 
The roughness and profile of the road surface will be measured both by travel of the front 
fork using a linear potentiometer, and by an accelerometer. The readings from the 
accelerometer may used to determine some measure of longitudinal profile. 
 
In addition, the bicycle is equipped with a distance meter to measure the distance to passing 
traffic. A sound level meter is also available to be fitted to the bicycle and a video camera 
may be installed at various positions on the bicycle to collect additional contextual 
information, which could include the presence of different types of frontage, the number of 
side roads, the characteristics of passing vehicles, and visual data concerning the highway 
surface. 
 
4 The Research Questions 
This section summarises the research questions which remain to be answered in connection 
with the physical attributes of cycling. Each question is followed by a short discussion. 
 
What is the effect on power consumption of different types of road surface? 
 
The different types of road surface which may be the subject of investigation include: 
• Modern stone mastic asphalts 
• Traditional hot rolled asphalts 
• Fine cold asphalts (footway surfacing) 
• Concrete block paving (different patterns, orientations and sizes of block) 
• Flag stone paving 
• Cobblestone paving 
• Unbound surfacing 
 
The experiments may be conducted on a level surface in still conditions with a cyclist riding 
at a constant speed. The outcome from the survey will allow for an indication of the 
additional effort required on some surfaces as compared with others. Such data will be 
useful to engineers in understanding the relative importance of surface types. 
 
What is an appropriate measure for longitudinal profile of a road for cycle traffic? 
 
It has been seen that the 3m enhanced longitudinal profile for cycle traffic is not well related 
to user perception. Attempts have been made in Denmark to develop a Bicycle Profile Index 
based on shorter wavelengths than 3 metres, but these remain unrelated to user perception. 
A range of different riders may be used to assess road condition and, building from the basic 
accelerometer output and front fork travel readings, different algorithms for generating an 
appropriate measure of longitudinal profile may be generated.  
 
What is the relationship between passing distance and vehicle type? 
 
Continuing the stream of work already begun on passing distances, further work may be 
undertaken to investigate the passing distances of vehicles of different type. 
 
What is the effect of different lining regimes in a highway? 
 
Again continuing the previous work in this area, the effect of mandatory as opposed to 
advisory lanes, the presence of coloured surfacing and the effect of the presence or absence 
of a white line dividing the carriageway may be investigated. 
 
What is the relationship between noise, passing distance of traffic and user 
perceptions? 
 
Experiments may be conducted to investigate the effect of user perceptions on comfort 
relating both to noise and distance of passing traffic. 
 .   
 
Is it possible to construct an overall measure for Bicycle rider comfort and safety? 
 
Building on previous research and the individual components of work described above, is it 
possible to develop an index for bicycle rider comfort and safety? Are these two separate 
measures? Are they a single measure? What is the relative importance of the different 
aspects of riding a bicycle to the measure (surface profile and roughness, gradients, number 
of starts and stops, and wind speed, proximity to motor traffic, noise, air pollution, rainfall, 
temperature, wind speed, presence or absence of threats from other human beings)? Is it 
possible to create such a measure for links, for junctions, and for whole journeys? Is it 
possible to relate such a measure to values of time? How might the measure be used in 
mode and route choice modelling, and in appraisal? How might the measure be used to 
assist in detailed design? 
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